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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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MINIMALLY INVASIVE ANNULOPLASTY PROCEDURE AND 

APPARATUS 

Inventors: John Nguyen 
5 Arthur Hill 

Laurent Schaller 

Background of theTnvention 

This invention relates to methods and apparatus for annuloplasty 
10 repair and replacement. 

Valve repair and valve replacement are currently done in surgical 

procedures as described, for example, in "Mitral Valve Repair: Ischemic" by W. 

Randolph Chitwood, Jr. (Mastery of Cardiothorcic Surgery, Lippincott-Raven 

Publishers (1998) 309-321) and "Mitral Valve Replacement" by KwokL. Yun 
15 and D. Craig Miller (ibid. (1998) 329-341). Cumbersome suture management, 

knot tying, pain and long recovery time are inherent to such surgical procedures. 

It now goes without saying that quickly operable methods and apparatus are 

desirable for allowing surgeons to perform procedures with less pain and 

disability than prior art surgical procedures. Tissue-connector apparatus and 
20 methods easily usable in such surgical procedures have recently been disclosed in 

U.S. patent applications Serial Nos. 09/089,884 and 09/090,305 both filed June 

3, 1998 and Serial Nos. 09/259,705 and 09/260,623 both filed March 1, 2000. 

It is therefore an object of this invention to provide simply 

operable annuloplasty methods and apparatus for valve repair and replacement, 
25 not involving cumbersome suture management and suture knotting. 

It is another object of this invention to provide such methods and 

apparatus using the tissue-connector apparatus disclosed in the aforementioned 

U.S. patent applications filed recently. 
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Summary of the Invention 

Methods and apparatus embodying this invention with which the 
above and other objects can be accomplished are characterized as causing clips of 
a self-closing type to penetrate the tissue around the annulus. Such a clip is 
5 typically U-shaped, having two end points, when it is constrained to be in an open 
configuration but is made of a wire of a shape memory material such that it tends 
to coil up to assume its naturally closed configuration. Thus, if a plurality of such 
clips in open configurations penetrate the tissue around the annulus 
circumferentially and then the constraint keeping them in the open configuration 

10 is removed, they pull the tissue together between their two end points, and this 
tends to reduce the diameter of the annulus. 

Such clips may be deployed each in the form of a clip assembly, 
having one of its end points connected to a tissue-piecing needle through a 
flexible member such as a suture and a release mechanism by which the clip can 

15 be easily released. The clip is then caused to penetrate the tissue at two 

circumferentially separated positions one after the other. Alternatively, a clip 
delivery device may be used with a plurality of clips loaded to a clip-holder 
serving to keep these clips in their open configurations. A pusher is provided for 
pushing a specified number of such clips out of the device at a time. Clip 

20 assemblies of this invention can be effectively used in ring annuloplasty and valve 
replacement procedures by placing clips circumferentially around a ring or a 
mitral prosthesis sewing cuff. Cumbersome problems associated with suture 
management and suture knotting can be thereby obviated. 

25 Brief Description of the Drawings 

The accompanying drawings, which are incorporated in and form 
a part of this specification, illustrate embodiments of the invention and, together 
with the description, serve to explain the principles of the invention. In the 
drawings: 
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Fig. 1 is an external view of a single-arm clip assembly which may 
be used in an annuloplasty method embodying this invention; 

Fig. 2 is a schematic view of the clip assembly of Fig. 1 being used 
in an annuloplasty procedure; 
5 Fig. 3 is a sectional front view of a clip delivery device embodying 

this invention; 



ring annuloplasty procedure and Fig. 7B is a sketch of the ring which has been 
attached to an annulus by a procedure embodying this invention; 

Fig. 8 A is a sketch of the clip assembly of Fig. 1 being used in a 
valve replacement procedure and Fig. 8B is a sketch of the mitral . prosthesis 
1 5 sewing cuff which has been inserted in a procedure embodying this invention. 

Fig. 9 is an external view of a double-arm clip assembly which 
may be used in an annuloplasty method embodying this invention; and 

Fig. 10 is a sketch of the clip assembly of Fig. 9 being used in a 
ring annuloplasty procedure. 
20 Throughout herein, like components are indicated by the same 

numerals even where they are components of different assemblies and may not be 
repetitiously described for explanation. 

Detailed Description of the Invention 

25 This invention relates to methods and apparatus for annuloplasty 

repair and replacement, characterized as using staples, or surgical clips 
(hereinafter referred to as "clips") of the so-called self-closing kind. A clip of a 
self-closing type may be broadly characterized as having two end points which 
tend to come closer together either by elasticity or so-called pseudoelasticity. 

30 Such a clip may be made by heat-treating a NiTi wire to a certain temperature 
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4 is a sectional side view of the clip delivery device of Fig. 3; 

5 is a side view of the cartridges shown in Figs. 3 and 4; 



6 is an axial view of the cartridge shown in Figs. 3, 4 and 5; 
7A is a sketch of the clip assembly of Fig. 1 being used in a 
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and time to have a desired undeformed shape. Examples of such clips, including 
methods of making them as well as materials which may be used, were disclosed 
recently in aforementioned U.S. patent applications Serial Nos. 09/089,884, 
09/090,305, 09/259,705 and 09/260,623, comprising a wire of a shape memory 
5 alloy. For the purpose of the present invention, the minimum conditions such 
clips should satisfy include that they each have two end points, have a naturally 
closed configuration, can be forced to assume an open configuration but will tend 
to return to the naturally closed configuration by reducing the separation between 
these two end points if forced to assume the open configuration. The clips 

10 disclosed in aforementioned U.S. patent applications Serial Nos. 09/089,884, 
09/090,305, 09/259,705 and 09/260,623 (all herein incorporated by reference), 
comprising a deformable wire made of a shape memory alloy and assuming a U- 
shape when in the open configuration, satisfy all these required conditions. 

Such a clip may be deployed, for example, in the form of a single- 

15 arm clip assembly as generally shown in Fig. 1 at 1, as well as in aforementioned 
U.S. patent applications Serial Nos. 09/089,884 and 09/090,305, with a tissue- 
piercing needle 3 connected through a flexible member 4 such as a suture to one 
of the end points of such a clip 5 which is constrained to assume a generally U- 
shaped open configuration, the other end point of the clip 5 being formed as a 

20 stopper 6 for anchoring the clip 5 to the tissue, as will be explained below. A 

release mechanism 7, such as disclosed in aforementioned U.S. patent application 
Serial No. 09/260,623, is provided such that the clip 5 can be easily released, say, 
by pressing thereon by a surgical instrument. 

Fig. 2 illustrates a method of annuloplasty embodying this 

25 invention by using the single-arm clip assembly 1 of Fig. 1. The surgeon will 

guide the needle 3 to the surgical site, cause it to penetrate and pass through the 
tissue of the annulus sequentially at two positions one after the other which are 
circumferentially separated with respect to the annulus, and pull the flexible 
member 4 such that the clip 5 will have its two end points penetrate the tissue at 

30 these two positions. The stopper 6 serves to secure the clip 5 at this position. 
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After the release mechanism 7 is pressed and the needle 3 is released from the clip 
5, the clip 5 tends to return to its naturally closed configuration, tending to bring 
the two end points closer towards each other, thereby pinching the portion of the 
tissue therebetween. After one clip 5 is thus placed in the annulus, the same 
5 procedure is repeated with a plurality of other clips 5. These clips 5 are placed 
circumferentially, either serially or overlappingly, as shown in Fig. 2. Since the 
placed clips 5 tend to return to their naturally closed configurations by reducing 
the gap between their end points, the net effect is to reduce the circumference of 
the annulus. 

10 Figs. 3 and 4 show a clip delivery device 10 embodying this 

invention for carrying out an annul oplasty procedure in an alternative way. 
Broadly explained, the device 10 is comprised of an outer tube 20 with a hollow 
cylindrical interior and an elongated slit 25 at the bottom, affixed to a cap 22, a 
pusher 30 provided with a knob 32 and adapted to be pushed longitudinally inside 

15 the outer tube 20 for pushing one clip at a time, and a pair of cartridges 40 for 
mounting clips 50 thereon. 

Each cartridge 40 is generally of a cylindrical shape attached to a 
fixture 41, as shown in Figs. 5 and 6, with a quasi-circular cross-sectional shape 
and serves to have a plurality of clips 50 mounted thereon one next to another in 

20 a generally U-shaped open configuration with their end points pointing uniformly 
downward. The two cartridges 40 are positioned coaxially in a face-to-face 
relationship, extending perpendicularly to the slit 25 at the bottom of the outer 
tube 20, leaving therebetween a narrow gap 45 barely wide enough for one of the 
clips 50 to pass through vertically. Each carriage 40 is provided with a spring 42 

25 such that the clips 50 mounted thereon are biased towards the gap 45. Each 
cartridge 40 has chamfered edge portion 47 adjacent the gap 45. 

To assemble the device 10, the cartridges 40, fully loaded with the 
clips 50, are positioned inside the outer tube 20, as shown in Figs. 3 and 4. The 
pusher 30 is inserted thereafter into the outer tube 20, and a spring 35 and the 
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cap 22 are assembled onto the outer tube 20. Finally, the knob 32 is screwed into 
the pusher 30 to complete the clip delivery device 10. 

In an annuloplasty procedure, the device 10, fully loaded with 
clips 50, is guided to a desired surgical site and oriented appropriately. As the 
5 knob 32 is pressed against the biasing force of the spring 35, the pusher 30 

moves down and pushes one of the clips 50 which may originally have been on 
either of the cartridges 40 but has been pushed by the springs 42 to the position 
of the gap 45. Since the gap 45 is exactly above the slit 25 at the bottom of the 
outer tube 20, the clip 50 at the gap 45 is pushed out through the slit 25 to be 

10 inserted into the patient's tissue, both end points penetrating the tissue 

simultaneously at two positions that are separated circumferentially with respect 
to the annulus, as shown in Fig. 2, in the same way in which a staple is pushed 
out of a stapler of an ordinary kind. 

Once thus deployed, the clip 50 tends to return to its naturally 

15 closed configuration, by reducing the distance between its two end points. Since 
the tissue is less firm than the cartridges 40, the portion of the tissue between the 
two end points of the clip 50 plicates to a certain extent, allowing the two end 
points of the clip 50 to come somewhat closer than when the clip 50 was kept on 
the cartridge 40. After a plurality of such clips 50 are thus implanted 

20 circumferentially as shown in Fig. 2, the net effect is to reduce the circumference 
of the annulus. 

In the description of the device 10 above, the gap 45 was 
described as being barely wide enough to one of the clips 50 to be pushed down 
at a time, but this is not intended to limit the scope of the invention. There may 
25 be circumstances under which it is preferable to deploy a plurality of clips 50 at 
once. For situations like this, the gap 45 may be accordingly increased. In 
practice, it may be found advantageous to be provided with more than one such 
devices 10 each having a gap 45 of a different width such that different specified 
numbers of clips can be deployed from the provided devices 10. 
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Clip assemblies as shown at 1 in Fig. 1 may be used in a ring 
annuloplasty as shown, for example, in Figs. 7A and 7B by using an annuloplasty 
ring 60 of a known kind. Although an open ring 60 is shown for illustration, a 
ring of a closed shape may be used. Fig. 7A shows the clip assembly 1 being 
5 used, with the needle 3 operated to penetrate the ring 60 at one position 60a, then 
into the tissue at one position 90a and out therefrom at another position 90b of 
the annulus and then again through the ring 60 at another position 60b. These 
positions 60a, 90a, 90b and 60b are selected such that the distance between the 
two positions 60a and 60b of penetration through the ring 60 is smaller than the 

10 distance between the position 90a of entry into the tissue by the needle 3 and the 
position 90b at which the needle 3 is pulled out of the tissue. After the stitching 
operation in an ordinary manner by the needle 3 described above is completed 
and the situation depicted in Fig. 7A is reached, the flexible member 4 is pulled 
until the clip 5 passes partially through the ring 60, its end point connected to the 

1 5 flexible member 4 having completely passed through the ring 60 twice and the 
other end point being stopped by the stopper 6 before penetrating the ring 60. 
This has the effect of contracting the portion of the tissue between the two 
positions 90a and 90b to the smaller distance between the two points of 
penetration 60a and 60b through the ring 60 by the needle 3 than the original 

20 separation of these two positions 90a and 90b of the tissue before the stitching is 
carried out. The flexible member 4 is thereafter released from the clip 5 by 
pressing the release mechanism 7, as described above. The clip 5, deployed while 
it was in an open configuration, has now only the ring 60 and the portion of the 
tissue between its two end points to prevent it from completely returning to its 

25 naturally closed configuration but still tends to reduce the distance separating the 
two end points. This internal force of the clip 5 tends to keep the ring 60 firmly 
attached to the tissue, thereby allowing the ring 60 to perform its intended 
function of keeping the annulus in its intended size. 

Fig. 7B shows the ring 60 fastened around the annulus after a 

30 plurality of clips 5 have thus been deployed to keep the ring 60 at the surgical 
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site. The clips 5 may be positioned to be circumferentially overlapping or 
separated. The two modes of arrangement may also be mixed. 

The clip assembly 1 shown in Fig. 1 may be used also in a valve 
replacement procedure wherein mitral valve portions are removed and a mitral 
5 prosthesis sewing cuff is inserted. 

The method of valve replacement according to this invention is 
again characterized as using clips of a self-closing kind as described above. Fig. 
8A shows the clip assembly 1 being used, with the needle 3 operated to penetrate 
a mitral prosthesis sewing cuff 70 at one position, then into the tissue at one 

10 position where the prosthesis sewing cuff 70 is to be placed and out therefrom at 
another position of the tissue and then again through the prosthesis sewing cuff 
70. After the situation depicted in Fig. 8A is reached, the flexible member 4 is 
pulled until the clip 5 passes partially through the prosthesis sewing cuff 70, its 
end point connected to the flexible member 4 completely passing through the 

15 prosthesis sewing cuff 70 twice and the other end point being stopped before 

penetrating the prosthesis sewing cuff 70 by the stopper 6. The flexible member 
4 is thereafter released from the clip 5 by pressing the release mechanism 7, as 
described above. The clip 5, deployed while it was in an open configuration, has 
now only the prosthesis sewing cuff 70 and the portion of the tissue between its 

20 two end points to prevent it from returning to its naturally closed configuration 
but still tends to reduce the distance separating the two end points. This force of 
the clip 5 tends to keep the prosthesis sewing cuff 70 attached to the tissue. 

Although the invention was described above with reference to 
only a limited number of embodiments, they are not intended to limit the scope of 

25 the invention. Many modifications and variations are possible within the scope of 
the invention. For example, a clip of the kind described above may be deployed 
in the fprm of a double-arm clip assembly as generally shown in Fig. 9 at 101, as 
well as in aforementioned U.S. patent applications Serial Nos. 09/259,705 and 
09/260,623, having a tissue-piercing needle 3 connected through a flexible 

30 member 4 such as a suture to each of the end points of a clip 5, maintained in its 
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generally U-shaped open configuration. A release mechanism 7 is provided at 
each end point of the clip 5 such that the clip 5 can be easily released from the 
flexible member 4. 

Fig. 10 shows the double-arm clip assembly 101 being used in a 
ring annuloplasty process. The pair of needles 3 are each caused to penetrate the 
tissue and be pulled out and then penetrate through a ring 60 such that the 
distance between the two positions at which the needles 3 are caused to penetrate 
and come out of the tissue is greater than the distance between the two positions 
on the ring 60 where the needles 3 pass through the ring 60, as explained above 
with reference to Fig. 7A. After the stitching with the needles 3 as described 
above is completed and the situation depicted in Fig. 10 is reached, the flexible 
member 4 is pulled until the both end points of the clip 5 in its open configuration 
pass through the tissue and the ring 60. The flexible members 4 are then released 
from the clip 5 by pressing the release mechanisms 7, and the tendency of the clip 
5 to coil up and return to its closed configuration serves to keep the ring 60 
firmly attached to the tissue, as explained above with reference to the single-arm 
clip assembly 1 . 



